Abstract-This paper presents the setup required in acquiring palm vein pattern for visual interpretation based on the use of near infrared (NIR) spectrum illumination. It uses the NIR peak wavelengths of 0.830 μm, 0.850 μm, 0.870 μm, 0.880 μm and 0.890 μm in the experiment with variation to the number of layers used as the filtering material. The effect of the NIR peak wavelengths are observed and discussed, in terms of the visibility of the vein pattern in the image acquired. Other issues that influence the visibility of the vein pattern in the developed setup are also presented. The developed experimental setup can be extended its usage in acquiring vein pattern in other parts of human body, which can be used for biometric, medical or device prototyping purpose.
INTRODUCTION
Vein pattern can be accessed from the human body by the use of near infrared (NIR) illumination [1] [2] , which covers the electromagnetic light wave spectrum ranging from 0.7 μm to 1.0 μm wavelengths [3] . As an active sensing system, a vein pattern assessment setup relies on the radiation of the NIR light and its ability to capture the image formed by the NIR spectrum.
A palm vein pattern is recorded based on the absorption and scattering properties of human tissue in reaction to the incident light wave as in medical diagnostic application [4] . Previous research done in the area of vein pattern recognition reveals that palm vein pattern can be captured clearly by the use of NIR peak wavelength of 0.850 μm and an infrared CCD camera [5] . The same wavelength is also observed to be used for the same purpose in other works [6] [7] [8] and also for visualizing the back-of-hand vein pattern [9] [10] . Other NIR peak wavelengths used to visualize the palm vein pattern are 0.750 μm [11] and 0.880 to 0.920 μm [12] . Peak wavelength of 0.880 μm had also been recorded for visualizing the forearm vein [13] and palm dorsal vein [14] . All of the peak wavelengths used are in the NIR region that had long been accepted in the area of NIR spectroscopy that is within 0.650 μm to 0.900 μm [15] .
With the use of the NIR spectrum, accessing the vein pattern in palm also requires the system to eliminate the effect of major wrinkles and lines on the palm surface as it can be misinterpreted as the vein pattern [16] . By reducing the effect of visible spectrum on the captured NIR image, the visibility of the vein pattern will be enhanced to suppress the unwanted line pattern that appeared on the palm surface. It can be done by the use of filtering material that only let certain light with wavelength beyond the visible light spectrum to pass. The filtering material that can be used for the purpose is optical infrared filter such as Hoya RM80 [5] [11], Hoya RM72 [17] and those that passes the infrared light with wavelength greater than 0.900 μm [12] . Other material that can be used for the filtering purpose is the processed black and white camera film [18] .
Suitable combination of the NIR light as the illuminator and the filtering material enable the palm vein pattern to be visually interpreted once the image is captured. Given the variation of the NIR peak wavelength used in visualizing the vein pattern (from 0.850 μm to 0.920 μm); it is worth to evaluate their effects respectively. This paper presents the palm vein pattern assessment setup by varying the NIR peak wavelengths and discusses the performance of the setup through visual interpretation of the images captured. The observed result can be extended its application in visualizing the vein pattern on other parts of human body for medical or other purpose. The setup developed can also be used as vein sensing device prototype.
II. SETUP CONFIGURATION

A. NIR Light
The source of the NIR light that is used as the illuminator in this experimental setup is the NIR LEDs that produces the peak wavelengths of 0.830 μm, 0.850 μm, 0.870 μm, 0.880 μm and 0.890 μm. The peak wavelengths are chosen based on their availability from the off-the-shelf components and also according to the accepted NIR range for use in the NIR spectroscopy area. The illuminator is arranged such that it consists of 2 arrays of 3 NIR LEDs as illustrated in Fig. 1 .
Although various different arrangements can be used [14] , the illuminator is arranged to be as in Fig. 1 because the NIR radiation produces in this arrangement fits the field-of-view of the image sensor. The intensity of the NIR LEDs can be varied accordingly to compensate the varying distance between the accessed subject and the image sensor. 
B. Filtering Material
The function of a filtering material is to permit only light with certain range of wavelengths to be recorded by the image sensor [9] [12] . It is placed in front of the image sensor in the experimental setup. The higher the cut-off wavelength in eliminating the visible light spectrum effect, the better it is as a filtering material. A tradeoff between the performance of a filtering material and its cost consequently resulted in a camera film to be used for the purpose in the experimental setup. The film is an unexposed developed Kodak Ultramax 35 mm ISO 400 photo film.
The photo film is a cheap alternative in photography for hobbyist and professional photographer in developing a do-ityourself (DIY) infrared-pass filter. It is based on the transmittance characteristic of the photo film that makes it suitable as the filtering material in the experimental setup [19] . A layer of the photo film blocks the effect of visible spectrum in the captured image as observed in Fig. 2 . Both images in Fig. 2 are acquired under the influence of visible spectrum and NIR light radiation (peak wavelength of 0.870 μm). Varying the number of layers of the filtering material subsequently resulted in an increased blockage to the visible spectrum recorded by the image sensor. 
C. System Setup
The configuration of the experimental setup is as given in Fig. 3 [20] . It consists of an image sensor, NIR-pass filter (filtering material), NIR-light source, diffuser material and the accessed palm in position. In this experiment, a Pi NoIR Camera is used as the image sensor while a transparent plastic material is used as the diffuser material. The Pi NoIR Camera is a CMOS sensor with no infrared (IR) blocking filter attached to it, making it an IR-sensitive sensor [21] . The captured image is stored in JPEG format with 640 x 480 (width x height) pixels size. The experiment is conducted in a research laboratory under the influence of fluorescent lights.
The experimental setup in Fig. 3 acts as the image acquisition device in Fig. 4 , which is connected to the Raspberry Pi Single Board Computer (SBC) as the processing platform [22] . The acquired image is displayed on the monitor screen, while a keyboard acts as the human-computer interface (HCI) input device. Illustration of the complete system is as given in Fig. 4 . Images are captured by the Pi NoIR Camera and displayed on the monitor screen, once the {Enter} key on the keyboard is pressed. 
III. RESULTS AND OBSERVATIONS
The experiment is first conducted with a layer of the filtering material placed in front of the image sensor. It is repeated using 2 and 3 layers of filtering material. To investigate the best viewed distance, the distance between the subject (palm) and the image sensor is varied from 1 cm to 20 cm. The experiment is conducted for NIR peak wavelengths of 0.830 μm, 0.850 μm, 0.870 μm, 0.880 μm and 0.890 μm. The captured image is as recorded in Table I .
It is observed that 13 cm is a cut-off distance between a clear visual of vein pattern and its unclear version. A clear and unclear visual of the vein pattern is as shown in Fig. 5 . A distance of less than 13 cm resulted in unclear visual, while distance of greater than 13 cm consequently produces a clearer visual of the vein pattern. This is due to the Pi Camera hardware specification and its field-of-view. Besides, the
intensity of the NIR spectrum seems to distribute evenly at this distance. A high intensity of the NIR spectrum that irradiates the palm at a distance less than 13 cm acts like a flashlight illuminating some part of the palm area as in Fig. 5 . After some point in a distance greater than 13 cm, the vein pattern visualized seems unchanged, i.e. the scattering and reflectance of the NIR spectrum by the tissue in the palm area is seen to be unaffected by the distance. It is just that the specification and response of the image sensor is affecting the vein pattern to be either clearly visualized, or not.
As such, the recorded images in Table I are captured at 13 cm distance. 
IV. DISCUSSION
Based on the results as recalled from Section III, it is found that the palm vein pattern captured is affected by: (a) NIR peak wavelengths, (b) contrast enhancement during image capture, and (c) other issues which are presented as follows.
A. NIR Peak Wavelengths
A palm image captured under the radiation of NIR spectrum resulted in images as presented in Table I , where the vein pattern appeared darker than its surrounding area. It is in response to the difference in the absorption and scattering behavior of the NIR spectrum by the veins and its surrounding tissue [4] .
Although the palm image captured with the NIR peak wavelength of 0.830 μm resulted in a brighter shade of subject (palm) as compared to its background, the vein pattern information does not easily discernible visually. As the peak wavelength used increases, the vein pattern slowly revealed, with the vast vein information captured at the wavelength of 0.870 μm. Palm image captured using this wavelength resulted in an evenly distributed radiation throughout the whole image with the vein pattern evenly highlighted. Applying 0.880 μm peak wavelength, the palm images seem to suffer uneven distribution of NIR radiation. Even though the experiment is repeated by adjusting the NIR LEDs to give a uniformly distributed radiation, still, the images captured appear to suffer the same effect. Increasing the peak wavelength to 0.890 μm gives rise to the subject (palm) brightness as is observed when the 0.830 μm peak wavelength is used. Major vein is highlighted at this peak wavelength but not as revealed as when the wavelength of 0.870 μm is used, where additional vein can be visually detected in the image. It is interesting to note that the peak wavelength of 0.850 μm gives a uniformly distributed radiation over the subject with major vein highlighted, and higher contrast between the subject (palm) and its background.
Given that human eyes can easily differentiate the vein pattern visually, the peak wavelength of 0.870 μm is the best option that reveals vast vein information. However, if the pattern is to be extracted by an embedded vision system, additional image analysis needs to be complemented with the system setup to enhance the vein pattern effectively. For visually distinguishing the major vein pattern (specifically) from the palm area, the peak wavelength of 0.850 μm and 0.890 μm are among the best choices.
B. Contrast Enhancement
Variation in the number of filtering layers used in the experimental setup provides variation in the contrast between the vein pattern and its surrounding area as well. It is due to the transmittance characteristic of the filtering layer that blocks the visible spectrum from being recorded by the image sensor. Applying a layer of the filtering material in the experimental setup highlights the vein, but increasing the number of layers eventually changed the transmittance behavior of the filtering material. The effect of visible spectrum reduced respectively as the filtering layer increases. Still, when 3 layers of filtering material are used in the setup, the image captured appeared to be blurred, which does not help in distinguishing the vein pattern in the image.
Variation in the distance between the image sensor and the subject (palm) during the image capture also contributes to the variation in the image contrast. As recalled from Section III, image captured at a distance greater than 13 cm provides better contrast between the vein pattern and its surrounding tissue. It is due to the distribution of the NIR spectrum radiation, which tends to disperse evenly as the distance increases.
The contrast in the experimental setup can also be controlled by varying the NIR LEDs radiation intensity through its supplied voltage. However, there will be compromise between the NIR LEDs radiation intensity and the distance (between the image sensor and the subject) if vein pattern need to be visually distinguished by such setup.
C. Other Issues
It is observed that the captured image sometimes resulted in a flickering effect resulted from the uneven supplied power in the Pi NoIR Camera circuit. The flickering effect can be easily dismissed if the concern is only on the visual interpretation of the images. Still, it is of major concern if the captured image is to be processed for further analysis and application, such as for biometric purpose.
Using the configuration in this experiment, the fluorescent lights had no major influence to the captured images. The experiments show no difference to the vein pattern captured when the lights are turned on or off. However, the indirect sunlight that enters the room through the nearby window seems to influence the result. The effect can be seen at the background of the images. During daylight, the background appeared to be lighter than when it is captured after 6.30 p.m. As the experimental setup had no confined casing, the resulted image also shows high contrast between the subject (palm) and its background as presented in Fig. 6 . The palm images shown in Fig. 6 are captured using the NIR peak wavelength of 0.850 μm.
Manipulating the camera hardware during the image capture also affects the resulted image. As the Pi NoIR Camera is connected via the Camera Serial Interface (CSI) to the Raspberry Pi SBC, it has its Graphics Processing Unit (GPU) for video and still image capture. A specific port is allocated for either video recording or still image capture [23] . Even though a video recording seems to display the vein pattern clearly compared to the saved still images, using the video port to capture the still images does not produce the same expected display. By adjusting the image size as recommended by its hardware specification, a good quality image can be captured by using the still image capture port. Besides, the still image capture port has its own de-noising algorithm that refines the captured image, making the images appear smoother [23] . Fig. 7 shows the major vein pattern in respective hand parts using the best setup concluded in the experiment, matched with the right distance selection and surrounding condition. 
V. CONCLUSION AND FUTURE WORKS
Chosen peak wavelengths of the NIR LEDs in the experimental setup play a vital role in visualizing the palm vein pattern. With suitable combination between all components in the system setup, it is possible to develop a setup that can visualize the vein pattern clearly.
The conducted experiment reveals that the NIR peak wavelength of 0.870 μm, filtered with 2 layers of filtering material captured at the distance of 13 cm is the best setup that revealed vast vein information. It can be served as a guiding setting for those who wish to develop a palm vein pattern acquisition system because different surrounding, subjects and image sensor provides different result to the image captured.
Future works following the evaluation of the experimental setup is on the development of the real-time vein pattern extraction and its analysis. The system is expected to be used for biometric recognition purpose.
